Introduction {#S0001}
============

Ulcerative colitis (UC) is a chronic inflammatory condition characterized by de-regulated immune response of intestinal microflora which ultimately limits the mucosal layer of the colon and rectum and is known for its remission and relapse throughout life.[@CIT0001],[@CIT0002] Untreated ulcerative colitis may cause severe bleeding, hole in the colon (perforated colon), severe dehydration, and increased risk of colon cancer. Oral treatment in UC treatment is preferred as compared to suppositories due to its ease of manufacturing, storing conditions, and patient compliance. 5-aminosalicylic acid (5-ASA), an anti-inflammatory agent has gained the status of drug of first choice in the treatment of active mild to moderate UC.[@CIT0003] Among many advantages of oral dosage, dissolution and absorption of drugs in the small intestine reduces its concentration in the colon which results in failure of minimum effective concentration (MEC) of drugs.[@CIT0004]

UC can be treated successfully by targeted localized drug delivery to the colon, avoiding systemic concentration. It has been established that therapeutic effect of mesalamine is concentration-dependent, which led to the development of dosage forms which deliver the drug directly to the inflamed tissue with relatively low side effects.[@CIT0005] For the past two decades, delayed release mesalamine has been used for treating UC.[@CIT0006] But colon-targeted drug delivery systems involve difficult preparation procedures and certain management, thereby making the system complex and expensive. Different strategies like pro-drug, enteric coating and pH/time-dependent modified release, microflora-activated system, pressure controlled drug delivery system (PCDCS), osmotic controlled drug delivery to colon (OROS-CT), and pulsatile drug delivery have gained attention.[@CIT0007] Based upon these strategies, the different products of 5-aminosalicylic acid (5-ASA) available are Pentasa^®^ MR coated timed release microgranules, Asacol^®^ and Aspiro^®^ CR double layered enteric coated tablets, Lialda^®^ XL Multimatrix SR hydrophilic/lipophilic matrix core tablets, Octasa^®^ MR pH sensitive coated tablets and Salofalk^®^ gastric-resistant granules coated by pH-independent polymer.[@CIT0008]--[@CIT0013] But their polymer-dependent behavior and predicted drug release in the colon remained debatable. Besides taking large dose orally, prodrug has the disadvantage of linking moiety which may cause non-drug related side effects. In time-dependent systems, gastric emptying time and GI transit time limit predicted drug release in the colon. pH-dependent systems which involve enteric coating cannot be easily engineered due to interaction of enteric coated polymeric mixture with hydrophobic additives like magnesium stearate.

Therefore, a pH-dependent targeted drug delivery system was designed by simple wet granulation and without coating, with the advantages of minimum release of drug in upper GIT and enhanced local delivery of drug to the colon.[@CIT0014] Eudragit-S100 is used as a coating agent in delayed release formulations and preferred in colon-targeted delivery due to its sensitivity to alkaline pH of 7.2. Eudragit-S100 is an anionic copolymer based on methacrylic acid and methyl methacrylate with the ratio of 1:2. Use of Eudragit-S100 alone for delayed release is restricted due to its gel forming and diffusion behavior. Dual nature of di-calcium phosphate (DCP), ie, as a binder and release retardant, can facilitate the combination of Eudragit-S100. The resultant complex of Eudragit-S100 and DCP can create the delayed release characteristic not only in the colon but can also prevent the GIT degradation of drugs.[@CIT0014]--[@CIT0016]

Therefore, attempts were made to develop Eudragit-S100 and DCP complex in uncoated delayed release matrix tablets of 5-ASA.[@CIT0017] Two different types, un-milled and milled form, of DCP were used as diluent previously but presently only the latter was employed.[@CIT0016] Drug release was controlled by varying compositions of the ingredients. Computer-aided technique; Artificial Neural Network (ANN) was employed to catechize the effect of different compositions in twenty-three formulations to optimize a delivery system with desired dissolution profile of mesalamine. ANN is an effective approach to estimate the quantity of the formulation ingredients which may meet the desirability criteria.[@CIT0018] In-vitro dissolution study was carried out to note the drug release up to 70% until 12 h which ensured a delayed release dosage form. The designed delayed release tablets of mesalamine will provide the required concentration of the drug at the site of inflammation to treat UC successfully.

Materials and Methods {#S0002}
=====================

Mesalamine was kindly gifted by Getz Pharma, Karachi. Eudragit-S100 was obtained from Highnoon Pharmaceuticals, Lahore. Dicalcium phosphate (DCP), polyvinyl-pyrrolidone-K30 (PVP-K30), magnesium stearate, isopropyl alcohol (IPA), potassium chloride, potassium monohydrogen phosphate, sodium hydroxide, and hydrochloric acid were all purchased from Sigma Aldrich, Germany, sodium starch glycolate (SSG) and ethyl cellulose (EC) were obtained from Merck^®^ Darmstadt Germany. All the chemicals used in the study were of analytical grade.

Wet granulation technique was used for the compression of mesalamine tablets as described elsewhere.[@CIT0019] Briefly; compression was divided into five stages for the successful application of ANN. Stage 1 was mixing (Mix), stage 2 was granulation stage 1 (GS-1), stage 3 was granulation stage 2 (GS-2), stage 4 was final mixing (F-mix), and stage 5 was compaction. Total quantity of DCP used was divided into almost two equal parts, part A and B. In mix stage, mesalamine, Eudragit-S100, and PVP-K30 were geometrically mixed with a mortar and pestle for 10 min followed by addition of approximately half of DCP of part A as slurry with IPA (termed as DCP internal 1) until uniform wet mass was obtained. Wet mass was passed through sieve\#16 followed by GS-1 which comprised only oven drying for a period of 4 h at 50°C.[@CIT0020] In GS-2, dried granules were mixed again with the remaining half of DCP part A (termed as DCP internal 2) and were passed through sieve\#22. The granules were dried in a tray drier (IMS corporation Lahore, Pakistan) at 50°C for 2 h.[@CIT0021] In F-mix stage, these granules were mixed with part B of DCP as dry powder (termed as DCP external) and magnesium stearate.[@CIT0022] These granules were then compressed into tablets and were stored in controlled airtight containers and compared with Masacol^®^ (mesalamine by Getz Pharma Karachi, Pakistan). The five stages of compression along with details of each step have been shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Scheme of study showing five stages of compression: Mix, GS-1, GS-2, F-mix and compression and structure of ANN applied using quick propagation method for data learning algorithm.

Characterization of Matrix Tablets {#S0002-S2001}
----------------------------------

The prepared tablets were evaluated for their friability, thickness, hardness, weight variation, and drug content assay. Friability of twenty tablets was determined in Roche Friabilator (IMS Corporation, Lahore, Pakistan) for 4 min at 25 rpm. Thickness of tablets was measured by digital screw gauge (Galvano Scientific Ltd, Lahore, Pakistan) by taking 20 tablets from each combination.[@CIT0023] Hardness of ten tablets was measured using digital hardness tester (Erweka, Germany). Weight variation was determined by taking average weight of twenty tablets using digital weight measuring balance (Sartorius Germany). For drug content assessment, 10 tablets were crushed and the aliquot of powdered tablet equivalent to 400 mg of drug was dissolved in 50 mL of phosphate buffer pH 7.2. The solution was filtered through 0.45 µm membrane filter. Sample was precisely diluted and analyzed on UV-spectrophotometer at 234 nm. Percentage of mesalamine present in solution was calculated from the standard calibration curve.[@CIT0024]

Drug Dissolution and Release Study {#S0002-S2002}
----------------------------------

USP dissolution II paddle apparatus (Vision^®^, California) rotated at 100 rpm was used for two stage mesalamine delayed release studies.[@CIT0004] Two different dissolution mediums, 0.2 M HCl pH 1.2 (simulation of stomach pH) for 2 h and phosphate buffer 0.2 M of pH 7.2 (simulation of colon pH) for further 6 h at 37 ± 0.5°C, were used.[@CIT0025]--[@CIT0027] 5 mL aliquot was withdrawn which was replaced with fresh acidic medium for first 2 h and with basic phosphate buffer pH 7.2 for remaining 6 h.[@CIT0028] Collected samples were filtered through 0.45 µm Millipore filters and mesalamine concentration was measured at 234 nm after appropriate dilutions of samples.

Kinetics of Drug Release {#S0002-S2003}
------------------------

Release kinetic modeling was carried out using Microsoft Excel based adds in program DD Solver Ver 1.0. The kinetic models were applied by using the following equations:[@CIT0029] $$\documentclass[12pt]{minimal}
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Where Q~t~ and Q~H~ are the mean percentage of drug release, t is time in h, K~0~, K~1~ K~H~ are zero, first and Higuchi order release constant expressed in concentration/time respectively. $$\documentclass[12pt]{minimal}
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In Peppas (Fickian diffusion) model, mechanisms of drug release are characterized using the release exponent ("n" value). An "n" value of 1 corresponds to zero-order release kinetics (case II transport); 0.5 \< n \< 1 means an anomalous (non-Fickian) diffusion release model; n= 0.5 indicates Fickian diffusion, and n \> 1 indicates a super case II transport relaxational release.[@CIT0030] The regression analysis data evaluate the kinetics of drug release from the prepared formulations.[@CIT0031]$$\documentclass[12pt]{minimal}
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In Weibull model, $\documentclass[12pt]{minimal}
\usepackage{wasysym}
\usepackage[substack]{amsmath}
\usepackage{amsfonts}
\usepackage{amssymb}
\usepackage{amsbsy}
\usepackage[mathscr]{eucal}
\usepackage{mathrsfs}
\DeclareFontFamily{T1}{linotext}{}
\DeclareFontShape{T1}{linotext}{m}{n} {linotext }{}
\DeclareSymbolFont{linotext}{T1}{linotext}{m}{n}
\DeclareSymbolFontAlphabet{\mathLINOTEXT}{linotext}
\begin{document}
$$a $$
\end{document}$ is the scale parameter which describes the time dependence, $\documentclass[12pt]{minimal}
\usepackage{wasysym}
\usepackage[substack]{amsmath}
\usepackage{amsfonts}
\usepackage{amssymb}
\usepackage{amsbsy}
\usepackage[mathscr]{eucal}
\usepackage{mathrsfs}
\DeclareFontFamily{T1}{linotext}{}
\DeclareFontShape{T1}{linotext}{m}{n} {linotext }{}
\DeclareSymbolFont{linotext}{T1}{linotext}{m}{n}
\DeclareSymbolFontAlphabet{\mathLINOTEXT}{linotext}
\begin{document}
$$b$$
\end{document}$ describes the shape of dissolution curve dependence and $\documentclass[12pt]{minimal}
\usepackage{wasysym}
\usepackage[substack]{amsmath}
\usepackage{amsfonts}
\usepackage{amssymb}
\usepackage{amsbsy}
\usepackage[mathscr]{eucal}
\usepackage{mathrsfs}
\DeclareFontFamily{T1}{linotext}{}
\DeclareFontShape{T1}{linotext}{m}{n} {linotext }{}
\DeclareSymbolFont{linotext}{T1}{linotext}{m}{n}
\DeclareSymbolFontAlphabet{\mathLINOTEXT}{linotext}
\begin{document}
$$m$$
\end{document}$ is the amount of drug dissolved. The model which showed the highest value of coefficient of determinants (R^2^) and lowest value of Akaike information criterion (AIC) was categorized as best model that described the release.

ANN-Assisted Colonic Delivery System of Mesalamine {#S0002-S2004}
--------------------------------------------------

ANN Neural Power^®^ version 3.1 was used to study the relative effects of Eudragit-S100, DCP and PVP-K30 on hardness and in-vitro dissolution for 2--8 h.[@CIT0032] Quick propagation (QP) method was employed for the data learning algorithm with Tanh as transfer function until a satisfactory root mean square error (RMSE), less than 1 was reached.[@CIT0033] Multilayer perception (MLP) structure was used in the study where the class of structure was feed forward. The total number of inputs, outputs and hidden layers was 5, 8, and 1, respectively, shown in [Figure 1](#F0001){ref-type="fig"}. Surface responses for the importance of excipients against hardness and in-vitro release were generated.[@CIT0034] For the prediction of the best levels of polymers to further retard the drug release until 12 h "What if" approach of ANN was used. On the basis of ANN predicted composition, F24 was compressed with some adjustments as shown in [Table 1](#T0001){ref-type="table"} to confirm the ANN prediction.Table 1Mesalamine Formulations by Wet Granulation MethodIngredientStageFormulation CodeF1F2F3F4F5F6F7F8F9F10F11F12F13F14F15F16F17F18F19F20F21F22F23F24Mesalamine (mg)Mix400400400400400400400400400400400400400400400400400400400400400400400400Eudragit-S100 (mg)Mix11011012011011011011090110707070------101010101010151015Ethyl cellulose (mg)Mix10105------------------------------------------Dicalcium phosphate (mg)Mix (DCP Int 1)204020252525252525353525703540353535353535353525GS- 2\
(DCP Int 2)20-20252525252525353525703540353535353535353540F-Mix\
(DCP Ext)\-\-\-\-\-\-\-\-\-\-\-\--70-606060606060606055Povidone-K30 (mg)Mix20202010-10-20151055101010102020404040404040F-Mix\-\--1010-10-15105510101010-10\-\-\-\-\--Sodium starch glycolate (mg) atMix\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--2.92.91.470.2F-Mix\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--5.9\-\-\--Tablet weight (mg)580580585580570570570560590560550530560560500560560570580585.9582.9587.9581.47575.2

Characterization of ANN Assisted Formulation {#S0002-S2005}
--------------------------------------------

The ANN assisted formulation was characterized in terms of friability, thickness, hardness, weight variation, dissolution and kinetics of release. Kinetics of drug release was studied by model independent approaches using already described DDSolver. The values of dissimilarity factor *f~1~* and similarity factor *f~2~* for F23 and F24 were calculated on the basis of release profile as reported in literature[@CIT0035] and compared with commercially available mesalamine, by using the following equations. $$\documentclass[12pt]{minimal}
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where n is the sample number, and R~t~ and T~t~ are the percentage of the reference and test drug release, respectively, at different time intervals.

Fourier Transform Infrared Spectroscopy (FTIR) {#S0002-S2006}
----------------------------------------------

Infrared (IR) spectra for the pure drug, selected excipients and ANN assisted formulation were recorded on attenuated total reflectance (ATR) attached FTIR spectrophotometer (FTIR-Agilent Technologies). Spectrum was taken from the wavelength of 500--4000 cm−1.[@CIT0036]

Results {#S0003}
=======

Different ratios of Eudragit-S100 and DCP were used successfully and 24 formulations were compressed by wet granulation method. Physicochemical properties of the powder blend and compressed tablets were within the limits ([Table 2](#T0002){ref-type="table"}). Out of 24 formulations, F1 to F23 were prepared stepwise by controlling the composition of ingredients for desired outputs. The 24th formulation (F24) was prepared by the optimized levels of the ingredients predicted by ANN approach.Table 2Physicochemical Characteristics of Mesalamine Formulations (Mean ± S.D)CodeFriability (%)Thickness (mm)Hardness (kg/cm^2^)Weight Variation (mg)Content Uniformity (%)F10.15±0.034.05±0.0216.93±2.37591.4±3.95100.66±1.24F20.17±0.054.23±0.0126.45±1.63587±3.8791.66±2.86F30.35±0.194.31±0.0125.16±1.86596.7±3.2595.33±2.86F40.32±0.114.24±0.0223.53±4.77590.9±4.0190±2.44F50.17±0.074.14±0.0122.86±1.97576.5±4.592±2.44F60.25±0.114.22±0.0116.41±0.64584.5±2.2990±4.32F70.35±0.154.55±0.0512.56±0.58576.1±3.7100.33±2.49F80.04±0.095.15±0.029.06±0.24574.4±4.54102±1.41F90.11±0.015.24±0.038.16±0.73603.8±4.37103.66±0.94F100.21±0.045.18±0.027.03±1.13574.1±4.3102.33±2.05F110.25±0.095.05±0.057.25±1.15577.4±4.2497.33±1.69F120.05±0.085.23±0.017.55±1.25577.5±4.08102.66±2.62F130.43±0.304.56±0.0510.22±1.17574.8±4.21104.33±3.29F140.21±0.264.03±0.0112.63±0.75573.3±4.42106.66±1.24F150.33±0.144.13±0.018.53±1.26573.2±4.53101.33±2.49F160.33±0.154.04±0.019.13±0.33573.8±4.77100.66±1.69F170.42±0.084.04±0.0211.76±2.09578.3±3.9103.66±1.24F180.20±0.054.24±0.0212.46±0.37579.8±3.7899.33±1.24F190.22±0.104.24±0.0210.36±0.49579.4±4.3897.33±1.69F200.23±0.045.33±0.017.5±1.44588.8±4.06101.33±1.24F210.18±0.045.05±0.027.9±0.61589.7±3.31102.66±1.69F220.16±0.055.43±0.017.7±0.57587.2±4.11101.33±1.24F230.20±0.045.35±0.027.83±0.84584.4±4.24103.33±1.24

In-vitro Drug Release {#S0003-S2001}
---------------------

In-vitro dissolution of prepared formulations was conducted in acidic medium for initial 2 h followed by evaluation in basic medium for further 6 h, except F23 which was studied for 12 h using the same tablets due to its 71.66% release within the first 8 h. The graphical representation of drug release data of formulations F1-F22 due to the effect of formulation variables is shown in [Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}. Prepared formulations did not show an adequate release in acidic media during first 2 h of this study, therefore, the release data for 1 h had not been given in any graphical and tabular representation. It was observed that formulations F1-F3 containing varying concentrations of DCP, Eudragit-S100, and EC had shown less than 9% drug release in 8 h. This high drug retardation might be attributed to the EC due to its binding effect that increased tablet hardness.[@CIT0035] For this reason, EC was excluded from the next set of formulations F4-F12 which were prepared by varying concentrations of DCP and Eudragit-S100 in pre-decided ratio ([Table 1](#T0001){ref-type="table"}). Non-desirable release pattern in F4 to F12 was observed throughout the study. The mesalamine release retardation might be attributed to the presence of Eudragit-S100.[@CIT0037] Another set of formulations were prepared by excluding Eudragit-S100 and using DCP as bulking agent in F13-F15 to maintain the desired tablet weight. The findings of release of drug from F13-F15 demonstrated a breakthrough in the role of DCP, as release retardant. This set met the desirability of release criteria until 4 h but failed to exhibit required release until 8 h. For formulation F16 and onwards, Eudragit-S100 was included in combination with DCP which exaggerated a smooth drug release pattern to help obtain the desired sustained drug release characteristics which enabled the dosage form to target the colon without coating the dosage form. For the set of formulations F16-F19, PVP K30 was varied but desired release pattern was not achieved. It was noted that in this set of formulations, a small amount of Eudragit-S100 (2%) in combination with DCP helped to control the initial 2 h release and DCP External for smooth delayed release in 3--8 h. In this combination, the required amount of Eudragit-S100 was less than which has been reported.[@CIT0037] Sodium starch glycolate was added as the superdisintegrant in F20-F23 to further enhance the smooth release pattern. Outcomes of all formulations were still not considered acceptable in terms of sustained drug delivery specifically from 2--5 h in small intestine, since drug release deviated from the desired profile.Figure 2Percentage release studies of mesalamine from formulation F1-F11 using 0.2 M HCl for 2 h at pH 1.2 and 0.2 M phosphate buffer at pH 7.2 for further 6 h.Figure 3Percentage release studies of mesalamine from formulation F12-F22 using 0.2 M HCl for 2 h at pH 1.2 and 0.2 M phosphate buffer at pH 7.2 for further 6 h.

Release Kinetics and Mechanism {#S0003-S2002}
------------------------------

The kinetic mechanisms for the drug release from all the formulations were plotted, and the coefficients of the drug release (R^2^) were calculated as presented in [Table 3](#T0003){ref-type="table"}. In the present study, most of the formulations exhibited n value greater than 1, indicative of super case II transport release. R^2^ for Hixson Crowell cube root indicated uniform exhaustion of the drug delivery system.[@CIT0038] The drug release profiles with highest R^2^ and lowest AIC values among all kinetics models indicated that the release data for majority of the formulations were best fitted to Weibull model.Table 3Dissolution Kinetic Modeling of All Selected FormulationsCodeZero OrderFirst OrderHiguchiHixon CrowellWeibullKorsmeyer-PeppasR^2^AICR^2^AICR^2^AICR^2^AICR^2^AICR^2^AICn**F1**−0.10328.719−0.09728.6770.16326.512−0.09928.6910.77619.9590.07922.785−0.339**F2**0.87817.5590.87218.0010.63526.3600.87417.8540.999−14.0270.994−4.4771.835**F3**0.84220.8410.83421.2250.59828.2950.83721.0990.9846.4460.9844.3162.026**F4**0.88535.0320.87835.4960.71842.2200.88135.3120.96030.6220.89636.2431.880**F5**0.91832.7920.89934.4390.69643.2490.90533.9100.99613.0140.97525.3251.500**F6**0.92030.4800.90531.8450.70340.9680.91031.3980.9977.0610.96825.0721.446**F7**0.95235.4080.90537.3090.71746.0420.91236.6811.000−1.2250.96331.9311.378**F8**0.94725.1820.93526.8420.74837.7160.93926.3020.98818.0040.96723.8781.393**F9**0.84934.2540.83335.0750.65141.7540.83934.8080.98319.2720.97321.1111.421**F10**0.8530.8500.84834.3370.76137.8960.85034.2330.86037.6740.85336.0300.995**F11**0.56639.8590.56239.9350.53740.3810.56439.9090.61942.8150.56941.8040.879**F12**0.65239.6940.65039.7390.63740.0330.65139.7220.69642.6120.66941.4390.788**F13**0.91343.5330.89744.9160.82449.1890.90544.2920.91347.5740.91445.4870.960**F14**0.57554.7070.61753.8580.69352.0990.60654.0990.68656.2830.69454.0810.465**F15**0.68155.3190.68655.1890.69155.0810.66955.1760.70258.7750.70856.6190.709**F16**0.97035.1200.93641.1100.81049.7960.94939.3360.97836.3900.97934.1691.178**F17**0.96736.9810.92543.4660.79551.5160.94041.6390.98236.1040.98234.0891.234**F18**0.95338.2210.92242.3080.80349.7480.93440.9880.96140.7670.96138.8781.157**F19**0.95740.1560.90446.5860.76853.6840.92344.8540.98634.9820.98633.2311.340**F20**0.77857.4270.90051.0410.87552.8560.88352.2770.91953.3830.88154.4250.592**F21**0.96248.3580.85259.1650.78162.2730.89356.5410.99827.6390.97646.4511.221**F22**0.92952.3550.80660.3660.70663.6820.84558.5400.99731.2550.99434.0091.561**F23**0.93364.0620.95859.5040.89268.9300.97653.6690.99344.9070.96459.9980.790**F24**0.99139.0480.96752.5540.85967.1690.98445.3810.99730.9810.99338.8930.945

ANN-Assisted Colon-Targeted Formulation {#S0003-S2003}
---------------------------------------

Based on the inputs given, ANN foretold five sets of the compositions with their characteristics (outputs) predicted ([Table 4](#T0004){ref-type="table"}). Among these five sets, set 4 was selected for preparing optimized formulation (F24). The composition of this set was close to the composition of F23 which had shown best release ([Figure 4](#F0004){ref-type="fig"}) against the desirability criteria.[@CIT0035] F24 was prepared after minor adjustments to amounts such as 3 mg of Eudragit-S100, 5 mg of DCP-Internal 2 and 20 mg of DCP-External as mentioned ([Table 1](#T0001){ref-type="table"}).Table 4Optimized Formulations Predicted by ANNSet of Optimized CompositionsInputsSet 1Set 2Set 3Set 4Set 5Eudragit-S100 (mg)1212121212DCP-Internal1 (mg)3035302535DCP-Internal2 (mg)4956423549DCP-External (mg)4242423542PVP-Internal (mg)4040404040**OutputsDesired ResponsePredicted values of sets of outputs12345**Hardness(kg/cm^2^)72.6442.7313.2433.1053.331Release 2 (%)3030.87729.59928.12428.90726.798Release 3 (%)3523.86624.01523.02623.57223.199Release 4 (%)4544.05644.39342.24143.30842.606Release 5 (%)5047.73848.19148.05648.91048.493Release 6 (%)5559.73660.37258.69059.67859.397Release 7 (%)6564.27665.96163.02061.70964.908Release 8 (%)7072.28873.60170.52671.86472.142**Sum of Abs. Error**27.32128.00528.50729.03129.204 Figure 4Comparative % release studies of mesalamine from formulation F23-F24 with reference release data using 0.2 M HCl for 2 h at pH 1.2 and 0.2 M phosphate buffer at pH 7.2 for further 10 h.

The adjustment in composition regarding DCP-External was based on the maintenance of the tablet weight in accordance with the previous formulations, regardless of the final weight of the tablet formulations. The physicochemical and release profile for formulation F24 were measured. The release profile and characteristics of the colon-targeted formulation matched the predicted outputs given ([Table 4](#T0004){ref-type="table"}).

Characteristics of ANN Predicted Formulation {#S0003-S2004}
--------------------------------------------

The physicochemical characteristics of the ANN predicted mesalamine formulation (F24) showed friability 0.44%, thickness 5.34 mm, hardness 7.73 kg/cm^2^, weight variation 585±3.42 and drug content 103%. The release kinetic analysis of all formulations and comparative release of F23 and F24 have been given in [Table 3](#T0003){ref-type="table"} and [Figure 4](#F0004){ref-type="fig"} respectively.

Comparative Release Profiles {#S0003-S2005}
----------------------------

Desired released criteria for Colon-Targeted Drug Delivery System from delayed release matrix tablets have been cited in literature.[@CIT0035] In the present study, it was found that F23 was close to the desired release of 70% but this release occurred earlier in 8 h. ANN predicted composition F24 produced further retardation in mesalamine release and clearly indicated a sustained smooth drug release from 0--12 h. The drug release pattern of F23 and F24 along with desired release criteria have been illustrated in [Figure 4](#F0004){ref-type="fig"}.

In terms of release, dissimilarity (*f~1~*) and similarity (*f~2~*) data from DDSolver showed that formulation 24 was similar to that of the desired release profile of the delayed release formulations having *f~1~* 10.14 and *f~2~* 63.86. Formulation F23 lost its closeness from the desired profile due to difference of release at time intervals of 3--7 h. F24 was also compared with mesalamine in terms of release and it showed *f~1~* 68.12 and *f~2~* 23.32 which proved to be different from the available market product.

Fourier Transform Infrared Studies {#S0003-S2006}
----------------------------------

FTIR study indicated that the drug maintained its integrity; mesalamine displayed all the major peaks inside the fingerprint region of 500--2000 cm^−1^.

Discussion {#S0004}
==========

On average, an oral dosage form may remain in the stomach for 2 h and in the intestine for 4 h, thus the average time for a formulation to arrive at the colon is 6 h.[@CIT0039] The rapid and extensive absorption of mesalamine in the small intestine causes a minor local action on mucosa and substantial systemic side effects.[@CIT0009] Therefore, a delivery system was designed to retard drug release until 6 h and to liberate at least 70% drug by 12 h. In the present study, the milled form of DCP was used during three stages, ie, Mix, GS-2, and F mix according to the literature.[@CIT0040] The weights of ingredients in a pharmaceutical formulation are relative to each other, ie, when weight of one is changed, at least weight of one other ingredient has to be changed to keep the final weight of the tablet constant. The change in the relative weights in formulation of the individual ingredients is usually compensated with that of the bulking agent to achieve a fixed weight of the formulation. In this study, though DCP was used as a bulking agent, when it was combined with Eudragit-S100, it was found to act as a modulator for release, in line with literature, according to which the DCP, despite acting as a diluent in direct compression, might also retard drug release, a potential of DCP that had not been well explored.[@CIT0016] Hence, the amount of DCP was not adjusted to make up for achieving a fixed weight of all formulations. Thus, the final weight of the tablet formulations depended upon the amount of DCP and Eudragit-S100 in the blend. [Table 1](#T0001){ref-type="table"} shows the different final weights of the tablets. Keeping the foregoing discussion in mind, another bulking agent should have to be added in formulations, but keeping the formulation with least numbers and quantity of ingredients was also an intention. The formulation F24 was the optimized tablet, its final weight was 575.2 mg. Unlike statistical approach such as design of experiment, the ANN is based on the learning of the patterns in the data, it is capable of capturing the effect of the change, parallel or unparallel in the ratios of the inputs on the final properties of the formulation. In this study, tablets' final weights were not entered as the properties so prediction of the optimized formulation was not affected by the different weights of the tablet formulations. Moreover DCP can be a source of Ca++ and Heemskerk et al[@CIT0041] and Jing et al[@CIT0042] have separately shown that blood clotting is expedited when cytosol Ca^++^ is increased. This increased cytosolic Ca^++^ in µM range, even for minutes, can evoke platelet membrane blebbing and phosphatidylserine (PS) exposure leading to coagulation of bleeding scars.

Being sans statistical-intensive approach, the predictivity and suitability of the ANN model is assessed through RMSE; RMSE \< 1 indicates appropriateness of data training and adequacy of model for a reliable prediction.[@CIT0018] ANN predicted the relative importance of each of the ingredients shown in [Figure 5](#F0005){ref-type="fig"} for overall properties of formulation which were ranked as Eudragit-S100\> DCP internal 1\> used in pre-granulation stage DCP internal 2 \> used in intra-granulation stage DCP external \> PVP internal used in extra-granulation stage as explained earlier. Thus, the summary of combined effect of Eudragit-S100, DCP internal 1 (mixed during GS1), DCP internal 2 (mixed during GS2), DCP-external and PVP-Internal only has been shown in [Table 5](#T0005){ref-type="table"}.Table 5Summary of Effect of Ingredients on ParametersParametersIngredientsEudragit-S100DCP-Internal1DCP-Internal2DCP-ExternalPVP-InternalHardness↑^a^↑↑↓^b^↓Release 2(h)↓↑↑↑↑Release 3(h)↔^c^↔↔↔↔Release 4(h)↔↔↔↑↑Release 5(h)↑↓↓↑↑Release 6(h)↑↓↓↑↑Release 7(h)↑↓↑↑↑Release 8(h)↑↓↑↑↑[^1] Figure 5Relative significance of ingredients for the mesalamine colonic system for overall properties of formulation which were ranked as Eudragit-S100\> DCP internal 1 used in pre-granulation or Mix stage\> DCP internal 2 used in intra-granulation stage or GS-2\> DCP external used in F-Mix stage \> PVP internal used in extra-granulation stage.

DCP, being an insoluble filler, was mainly focused on because of its earlier reported release retardant property,[@CIT0043] good flowability, and its action by reducing Fickian diffusion with increasing erosion rate of matrix for sustained release drug delivery from a simple uncoated matrix tablet.[@CIT0043],[@CIT0044] The desired hardness of less than 8 kg/cm^2^ was obtained by varying amounts of Eudragit-S100 and DCP-internal 1 ([Figure 6A](#F0006){ref-type="fig"}), showing that the concentrations of both excipients played a critical role in hardness parameter. The maximum amount of drug was released with the highest concentration of DCP-internal 1. The desired 30% release was obtained at a point with the minimum amount of Eudragit- and maximum amount of DCP-internal 1. This showed the least effect of Eudragit- on release at 2 h ([Figure 6B](#F0006){ref-type="fig"}).Figure 6Response surface plots of: (**A**) hardness: showing that desired hardness of less than 8 kg/cm^2^ was obtained by varying amount of Eudragit-S100 and DCP-Internal1. (**B**) Release at 2 h: showing the least effect of Eudragit-S 100 on release at 2 h (**C**) and (**D**) release at 3 h and 4 h: showing that Eudragit-S100 and DCP Internal 1 did not impart a significant effect on drug release at 3 h and 4 h. (**E**) and (**F**) release at 5 h and 6 h: showing the least effect of DCP-Internal 1 on drug release at 5 h and 6 h. (**G,** **H**) Release at 7 h and 8 h: showing the maximum amount of drug was released with the higher amount of Eudragit-S100 and minimum amount of DCP-Internal 1 at 7 h and 8 h.

The desired 35 and 45% release at 3 h and release at 4 h were not obtained with this amount of excipients. The predicted pattern gives the maximum amount of drug released 25 and 40% at 3 and 4 h at the highest concentration of Eudragit- and least effect of DCP-Internal 1. This showed that Eudragit-S100 and DCP-Internal 1 have not imparted a significant effect on drug release at 3 and 4 h ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}).

The maximum amount of drug was released with the highest concentration of Eudragit- and minimum concentration of DCP-Internal 1 for release at 5 and 6 h. The desired 50 and 55% release at 5 and 6 h respectively were obtained at the minimum level of DCP-Internal 1 and maximum level of Eudragit-. This shows the least effect of DCP-Internal 1 on Release 5 & 6 ([Figure 6E](#F0006){ref-type="fig"} and [F](#F0006){ref-type="fig"}).

The desired 65 and 70% drug release at 7 and 8 h, respectively were obtained at highest concentration of Eudragit-. The maximum amount of drug was released with the higher amount of Eudragit- and minimum amount of DCP-Internal 1 ([Figure 6G](#F0006){ref-type="fig"} and [H](#F0006){ref-type="fig"}).

The predicted graphical representation of hardness and 2--8 h release study from ANN,[@CIT0034] showed that Eudragit-S100 has a critical effect on physicochemical factor, ie, hardness and in-vitro drug dissolution release profile at 2, 3, 4, 5, 6, 7, and 8 h. The effect of DCP-Internal 1 showed a more pronounced effect on hardness of tablets rather than on the drug release, as summarized in [Table 5](#T0005){ref-type="table"}.

Dissolution profile of commercially available mesalamine have shown 100% release until 6 h, instead, F23 and F24 ([Table 6](#T0006){ref-type="table"}) have shown a marked difference among their respective release data at different time intervals and retarded the drug release until 12 h. Pulsatile release pattern of commercially available mesalamine validates our delayed release formulation which showed 70% release until 12 h.[@CIT0045]Table 6Dissolution Profile of Commercially Available Mesalamine, F-23 and F-24Time (h)Commercially Available Mesalamine (%)F 23 (%)F 24 (%)21.0516.1412.0930.6822.1616.1740.5637.2027.11584.2051.1137.176100.4158.1041.127--64.1247.128--71.6651.1410--81.8363.0812--83.9172.96

Weibull model is more useful in comparing the release profiles of matrix type drug delivery that has been described for different types of dissolution processes.[@CIT0030]

Weibull model, log \[-ln (1-m)\] = b log \[t -- Ti\] -- log a, fitted the data of optimized formulation. This model explains the dissolution process of matrix type of drug delivery in the following [equation 9](#M0008): $$\documentclass[12pt]{minimal}
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where M is the amount of drug dissolved as a function of time t. M~0~ is total amount of drug being released, and T is the lag time. The equation parameter "a" is a scale parameter that describes the time dependence and "b" determines the progression of shape of the dissolution curve. If b = 1, the rise in curve corresponds to an exponential profile with a constant k = 1/a and the previous equation could be rewritten as: $$\documentclass[12pt]{minimal}
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The b value higher than 1 yields a sigmoidal curve with a turning point, while b lower than 1 produces a steeper increase. Using the inverse function of the previous equation, T~50%~ and T~90%~ is calculated. The b value of the formulation F24 was found to be 1.3, greater than 1 generating a sigmoidal curve with a minor lag time.

The characteristic peaks of mesalamine functional groups were found in both spectra of mesalamine matrix tablets and granules. The --NH~2~ functional group bending peak and C=O functional group stretching was observed at 1615--1700 cm^−1^, along with C-O stretch at 1215 cm^−1^, indicating that mesalamine was stable during granulation and tableting procedure and there was no indication of any excipient-drug incompatibility nor denaturation of drug during manufacturing procedure. The chemical structure of mesalamine and its chemical peaks have been shown ([Figure 7A](#F0007){ref-type="fig"} and [B](#F0007){ref-type="fig"}) respectively. The FTIR spectra of mesalamine, mesalamine granules and tablets are shown ([Figure 7C](#F0007){ref-type="fig"} (a--c)).Figure 7FTIR spectra. (**A**) Mesalamine chemical structure. (**B**) Mesalamine FTIR peaks showing the --NH~2~ functional group bending peak and C=O functional group stretching at 1615--1700 cm^−1^, along with C-O stretch at 1215 cm^−1^. (**C**) FTIR spectra of (a) mesalamine; (b) mesalamine granules; (c) mesalamine tablet showing characteristic peaks of mesalamine functional groups in spectra of mesalamine, mesalamine matrix tablets, and granules with indication of no excipient-drug incompatibility.

Conclusion {#S0005}
==========

The combination of Eudragit-S100 and dicalcium phosphate, was used to develop the delayed release matrix tablet with the aid of artificial neural network (ANN) which helped to control the release of the mesalamine. The optimized uncoated matrix tablet surpass the stomach and intestinal conditions without any major drug release for 2 h and 6 h respectively and the drug maintained its integrity until 12 h up to 70%. FTIR spectra showed that mesalamine did not show any interaction with the previously mentioned novel combination. DCP is used as a critical excipient in terms of multiple purposes, ie, as bulking agent and mainly as release retardant which has not been used in previous colon-specific drug delivery systems. Formulations F-23 and F-24 are the candidates for in-vivo evaluation in comparison to any of the products available on the market. Comparative dissolution study of the commercially available mesalamine and our newly developed matrix tablet showed a sustained drug release until 12 h of the latter. This sustainability of mesalamine along with increased residence time in the colon with comfortable dosage form signify its novelty as compared to the enteric coated products. The role of Ca^++^ provided by DCP needs further exploration in reducing blood clotting time of bleeding scars in the colon in-vivo.
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